The genus Hemerocallis (family Xanthorthoeaceae) is a herbaceous species, some of which are very important in herbal medicines. We evaluated the rps16-trnK region of the chloroplast DNA of a representative sample of eight taxa in Korea to estimate phylogenetic relationships within the taxa of this genus.
Introduction
Daylily is the general nonscientific name of a species, hybrid or cultivar of the genus Hemerocallis (Family Hemerocallidaceae or Xanthorthoeaceae, Order Asparagales).
Hemerocallis is low-growing perennial species. Hemerocallis is native to Eurasia and mainly found in the Asia (mainly China, Korea and Japan) [12, 19] . Hemerocallis is one of the very highly hybridized plant genera. Thus, the flowers of their plants have hybridized by gardening enthusiasts. Thus the flowers and plants are highly diverse in color and form.
Hybridizers register hundreds of new cultivars yearly [12, 23] .
Classification of species has been at the heart of all plant systematics. The classification process generally tries to arrange plants into a logical form and doing so to sort the species in some evolutionary manner. Hemerocallis is a taxonomically problematic group because of variations of morphological characters (even within a species) and difficulty in defining specific boundaries, as summarized by Zomlefer [23] . For example, Chung [2] has provided a detailed study of three populations of the species Hemerocallis hakuensis and has shown that there is a significant within species variation by alloymes. Noguchi et al. [13] reported that the separation of this species had occurred in conjunction with the geological vicariance or orogeny. These studies have been reported for many years [3, 6, 7, 11, [18] [19] [20] . This was a problem for many plant sytematicists who had few examples of species available and used this limited number to describe the species. Noguchi and Hong [12] have well studied the origin and evolution of the Japanese nocturnal Hemerocallis citrina var. vespertina by the nucleotide sequences of three noncoding chloroplast regions. Their work included a detailed analysis of certain exons and an understanding of the evolution of this species. It is necessary to perform extensive field work to fully understand the within species variation.
The rps16-trnK region in chloroplast DNA usually shows sequence conservation in the regions flanking both trnL exons, whereas the central part is highly variable [16] .
Within the intergenic spacer, no secondary-structural elements have been found that could serve as splicing points, including that rps16-trnK are probably co-transcribed [1, 14] .
A general feature of cpDNA spacer regions is the occurrence of indels that can be derived from either deletion or duplication of adjacent sequences or occur in non-repetitive regions of the spacer [5] . Hosta capitata and Hosta lancifolia were used as outgroup species in this study.
DNA extract
The genomic DNA of the samples was extracted from fresh leaves using the Plant DNA Zol Kit (Life Technologies Inc., Grand Island, New York, U.S.A.) according to the manufacturer's protocol. Briefly, sample per species was ground to fine powder in liquid nitrogen and mixed buffer of Plant DNA Zol. The sample was shaken gently at room temperature for 10 min. After adding 24:1 chloroform/isoamyl alcohol, the sample was centrifuged at 12,000 g. The DNA precipitate was recovered with 70% ethanol, dried, and dissolved in TE buffer. Concentration of extracted DNA was measured by Bio-Rad (Bio-Rad Laboratories, Inc., Hercules, 
rps16-trnK analysis
The rps16-trnK region of the chloroplast genome were amplified using primer sets [1, 14] by polymerase chain reaction (PCR) using standard techniques at a 2. PCR products were separated on 2.0% agarose gels and purified using the QIAquick Gel Extraction Kit (QIAGEN).
The amplified fragments were cloned into a bluescript vector and sequenced using ABI Prism 377 Sequencer (Applied Biosystem, USA). At least seven individuals' clones of each species were analyzed.
Alignment and phylogenetic analysis
The chromatogram output for each sample was edited using the software Sequence Navigator 1.0.1 (Applied Biosystems Inc.), and the sequences were manually aligned.
A pairwise alignment was calculated using the ClustalX program.
Estimates of evolutionary divergence between sequences were conducted using the maximum composite likelihood model [21] . Models with the lowest BIC scores (Bayesian and PAUP version 4.0b10 [17] treating all alignment gaps as missing. A maximum parsimony tree (MP) was inferred using heuristic search, branch-swapping options and tree bisection-reconnection. Confidence values for individual branches were determined by a bootstrap analysis with 100 repeated sampling of the data. Maximum likelihood (ML) was implanted in GARLI ver. 0.951 [24] starting from random trees and using 10,000,000 generations per search. In addition, a phylogenetic tree was constructed by the neighbor-joining (NJ) method [15] using the NEIGHBOR program in PHYLIP version 3.57 [4] .
Results
The complete sequences of chloroplast rps16-trnK regions were PCR amplified and sequenced for the eight Korean distributed species of genus Hemerocallis and two outgroup species. The aligned data sets for Hemerocallis range from 729 (H. aurantiaca) to 742 nucleotides (bp) (H. fulva var. kwanso) with a mean of 736 as a results of differences in insert nucleotides ( Table 1 ). The final aligned data matrix contained 767 positions, of which 12 were excluded from subsequent analyses because of ambiguities. Thus we used the 751 positions. Although several small indels and 20 inserts can be found, sequence variation within the Hemerocallis was mostly due to nucleotide substitutions. Another source of sequence divergence is length variation due to stretches of short repeats such as AAATA that occur at the intergenic spacer region in all the Hemerocallis.
A+T content for eight Korean species of genus
Hemerocallis ranged between 71.3% and 71.9% (Table 2 ). The base furtherance did not showed the significant difference to the by total taxa. Disparity index per site is shown for all sequence pairs (Table 3 H. fulva var. kwanso was more distinct in NJ and ML trees.
The main phylogenetic analysis revealed two distinct clades ( Figs. 1 and 2 ). The first clade includes seven species. The second clade includes one species (H. fulva var. kwanso).
However, this node is not supported in maximum parsimonious (MP) tree (Fig. 3) Hemerocalis species and other genera of genus Hemerocalis. This finding suggests that morphological evolution of Hemerocalis was complex.
In the study with RAPD [6] , H. fulva var. kwanso and H. thunbergii were grouped into small clades, while H. dumortieri and H. thunbergii have distinct relationships. The results by RAPD were not in agreement with our results obtained by rps16-trnK analysis. Chromosome numbers of H. dumortieri, H. coreana, H. middendorffi, H. thunbergii, and H. minor are 2n = 22 [9] . While that of H. fulva var. kwanso is 2n = 33. This is in agreement with the results of this study.
In addition, additional molecular experiments such as AFLP (amplified fragment length polymorphism), microsatellites, and ITS (nuclear ribosomal DNA internal transcribed spacer sequences) are necessary to identify species.
